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closed in-line valves and partial blockages cause undesirable local head losses that reduce the carrying 
capacity of SPS and increase energy costs, particularly in elevatory mains.  
Because of limited resources for maintenance of SPS, an efficient program has to be established in 
which the budgets should be allocated to the most vulnerable system components on the basis of the 
results of as frequent as possible surveys. Frequent surveying of SPS, that is essential to detect any 
anomaly as quickly as possible, is a complicated and time-demanding task. In fact current practice in 
water industry does not provide a comprehensive method for SPS surveying. In addition there is not 
enough research in this area since, for both economic and cultural reasons, water industry has never been 
stimulated to accept efficient management rules. The comparison with the gas and oil industries is severe: 
well-instrumented pipelines and large investment in instrumentation as a routine make the difference. In 
such a scenario, that is slightly changing since the value of the drinkable water is still surprisingly 
underestimated, there is an extreme need of simple, reliable and cheap techniques for SPS survey and 
diagnosis. An impulse to research activity in the SPS management derives from the unexpected reliability 
of transient test-based techniques with respect to more consolidated procedures in which pressure and 
flow measurements are carried out in steady-state conditions. 
For the sake of brevity, in this paper – as an example of SPS diagnosis –, the case of a partially closed 
in-line valve is considered and the results of numerical, laboratory and real pipe system experiments are 
shown. For the sake of clarity, the mechanism of interaction between pressure waves and a partially 
closed in-line valve is analyzed pointing out differences with respect to the case of a single pipe (i.e. a 
constant diameter pipe with no anomalies). Moreover, attention is focused on the first phases of the 
transients when the presence of an anomaly can be revealed by considering the reflected pressure wave. 
In such a context, the reflection coefficient of the anomaly, C, defined as the ratio between the reflected, 
h, and incoming pressure wave, h:  
 
   (1) 
 
plays an important role.   
In addition, references address the interesting reader towards detection and sizing of other anomalies 
as well as within other approaches for the analysis of transient test results: leaks [1] [2] [3] [4] [5] [6] [7] 
[8] [9] [10] [11], illegal connections [12], and partial blockages [13] [14] [15] [16] [17] [18] [19] [20] 
[21] [22] [23]. 
2. Numerical experiments 
Numerical simulations concern a frictionless elastic pipe with internal diameter D = 93.30 mm, length 
L = 164.93 m, and pressure wave speed a = 372.00 m/s supplied by a constant head reservoir. At the 
downstream end section of the pipe the maneuver valve is installed, discharging into the atmosphere. The 
partially closed in-line valve is installed at a distance LIV = 75.87 m upstream of the maneuver valve. 
Pressure signal, h – i.e. the pressure time-history –-  is acquired immediately upstream the maneuver 
valve. Figure 1 shows numerical pressure signals during transients with a steady-state discharge Q0 = 2.57 
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